Male reproductive organs are strongly affected by estrogen signaling mediated via the estrogen receptor. In this study, propyl pyrazole triol (PPT), an estrogen receptor alpha agonist, was subcutaneously injected in adult male mice every 2 days for a total duration of 8, 16, or 24 days. Histological changes in the reproductive organs, including the testes, efferent ductules, and epididymides, were observed. The weight of the reproductive organs decreased in the PPT group. In addition, the diameter of the seminiferous tubules decreased in the PPT group compared with the control group. The epithelial cell height decreased in the initial segment of the epididymis, whereas the luminal diameter increased in the efferent ductules of the PPT group. PPT induced irregular morphology of stereocilia in the luminal region of the initial segment. Therefore, PPT treatment at high concentrations had inhibitory effects in the reproductive organs of adult male mice. These findings suggest that short-term treatment with estrogen receptor agonist causes histological changes in the testes, efferent ductules, and epididymis, which are similar to those caused by estrogen receptor antagonist treatment. Therefore, the estrogen receptor may have functional roles in male reproductive organs, implying that treatment with an estrogen receptor agonist can affect male fertility.
INTRODUCTION
It is well established that estrogen and its receptors are localized to specific organs, including reproductive tissues of male animals (Carreau et al., 2007; Hess et al., 1997; Nie et al., 2002; O'Donnell et al., 2001; Oliveira et al., 2004; Yamashita, 2004; Zhou et al., 2002) . Estrogen is activated via its receptors, estrogen receptor alpha (ERα or ESR1) and beta (ERβ or ESR2). The distribution and functions of ERα have been compared with those of ERβ in animals (Couse & Korach, 1999; O'Donnell et al., 2001) . ER is particularly localized to the efferent ductules, which connect the testis and epididymis (Fisher et al., 1997; Hess et al., 1997) . Estrogen regulates the reabsorption of testis fluid in the efferent ductules via the interaction with ERα, but the function of ERβ is not well known (Ford et al., 2014; Hess, 2003) . ICI 182,780 (ICI) is a well-established ER antagonist (Cho et al., 2003; Oliveira et al., 2002 Oliveira et al., , 2003 , whereas propyl pyrazole triol (PPT) is an ERα-specific agonist. The affinity of PPT for ERα has been reported to be at least 410 to 1,000 times higher compared with ERβ (Harris et al., 2002; Stauffer et al., 2000; Sun et al., 2002) . ICI and PPT have been used for investigating estrogen function in male reproductive organs. Long-term treatment with PPT decreases the weights of the testis and epididymis, diameter of the seminiferous tubules, and epithelial cell height in the epididymis (Lee & Cho, 2009) . PPT also causes spermatogenesis disruption and infertility 8 weeks after treatment. This study aimed to identify histological changes in reproductive organs caused by short-term treatment with PPT compared with long-term treatment.
MATERIALS AND METHODS

Animals and Treatment
Thirty C57BL/6 male mice (10-week-old) were maintained under controlled conditions (22 o C±2 o C at 50%±5% relative humidity) and used for this study. The animals were randomly divided into two groups: control and PPT (4,4',4"(4-propyl-[1H] -pyrazole-1,3,5-triyl)tris-phenol; Tocris Cookson Ltd., United Kingdom). In the control group, the mice (n=15) were subcutaneously injected every 2 days with 0.1 ml of castor oil for 8, 16, or 24 days. In the PPT group animals, the mice (n=15) were subcutaneously injected with 4 mg PPT (PPT concentration per g body weight is 0.16 mg) in 0.1 mL of castor oil every 2 days for 8, 16, or 24 days. In this study, the PPT concentration used was based on a previous method (Choi et al., 2013; Frasor et al., 2003; Lee & Cho, 2009) . Animals received commercial food and distilled water ad libitum. Animal experiments were performed with the approval (SCNU IACUC-2013-12) from the Sunchon National University Animal Care and Use Committee.
Histological Preparation
The control and PPT-treated mice were intraperitoneally anesthetized with sodium pentobarbital (50 mg/kg body weight), weighed, and intracardially perfused with 4% glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4) for 20 min. Animals were euthanized at specified time points 8, 16, or 24 days post-treatment. The testis, efferent ductule, and epididymis were removed, and immersed in the same perfusion solution for further histological processing. For post-fixation, fat tissues attached to each organ were carefully detached. Organs were dried on filter papers prior to recording organ weights. For microscopy, the testis was cross-sectioned at the rete testis region, after which the tissue was dehydrated, embedded in glycol methacrylate resin, and sectioned into 2.5-μm thick sections. The distal regions of the efferent ductules and epididymides were processed the same way as the testes. Sections were mounted on a glass slide and stained with periodic acid Schiff (PAS)-hematoxylin solution.
Morphological Analysis
Stained sections were pictured using a SPOT digital camera (Model No. 11.2 Color Mosaic; Diagnostic Instruments, USA) and morphometrically analyzed using the SPOT INSIGHT TM software (ver. 4.0; Diagnostic Instruments). Diameters of 8~10 seminiferous tubules of stages VII or VIII per testis were measured on the basis of smallest cross-sectional diameter. Luminal diameters of 10 sites in the distal efferent ductules of each mouse were determined by measuring the widest diameter in the cross-section. Cell heights from the basement membrane to the microvillus tip of 30 non-ciliated epithelial cells per mouse were measured in straight sections of the distal efferent ductules. The cilia length was determined by measurement from the free surface of the epithelim to the cilia tip in 10 ciliated cells in the efferent ductules. Cell heights and streocilia lengths were also determined for 30 and 10 principal cells in the initial segment of the epididymis, respectively. 
Statistical Analysis
Statistical differences between the control and PPT groups were analyzed using one-way ANOVA with the Microsoft Office Excel. A p-value of <0.05 was considered to be significantly different.
RESULTS
PPT administration decreased reproductive organ weights in the PPT group (Fig. 1) . In the first sacrificed mice of the PPT group, organ weights were significantly decreased at 24 days post-treatment compared with 8 days post-treatment. At 24 days post-treatment the weights of the epididymides were decreased (58.1%) in the PPT group compared with those in the control group.
Testis
In both the control and PPT groups, developing sperm heads were observed in the seminiferous tubules of the testes. In the PPT group, the diameters of the seminiferous tubules gradually decreased at each experimental time point (Fig. 2) .
Efferent Ductules
Efferent ductules are composed of proximal, conus, and distal regions. In the control group, the luminal diameters of the distal region of the efferent ductules were 29.6, 32.3, and 58.6 μm at 8, 16, and 24 days post-treatment, respectively. In contrast, in the PPT group, the diameters were 36.7, 48.0, and 86.1 μm, respectively (Table 1 ). The diameters of the efferent ductules significantly increased in the PPT group compared with the control group (Fig. 3) . Epithelial cell heights were decreased by 7.2%, 9.4%, and 7.8% at 8, 16, and 24 days posttreatment, respectively, in the PPT group compared with the control group. Cilia length of ciliated cells appeared to be longer in the PPT group (23.5% increase at 8 days posttreatment) than in the control group however, appeared to be shorter at 16 and 24 days post-treatment (Table 2) .
Epididymis
The initial segment of the epididymis is connected to the efferent ductules and showed altered epithelial cell height and PAS staining intensity. Cell heights of the initial segment were 35.5%, 35.2%, and 46.1% shorter at 8, 16, and 24 days post-treatment, respectively in the PPT group than in the control group (Fig. 4) . PAS staining intensity of the cytoplasm of principal cells (or epithelial cells) surrounding the lumen was stronger in the PPT group than in the control group, depending on the time point being investigated. Stereocilia of principal cells showed a disorganized or scattered morphology in the luminal region of the PPT group. In the PPT group, stereocilia lengths were decreased by 14.2%, 22.4%, and 31.0% compared with the control group at 8, 16, and 24 days post-treatment (Table 2) .
DISCUSSION
This study revealed the histological changes in the testis, epididymis, and efferent ductule in mice treated with the ER agonist PPT for a short-term. Frasor et al. (2003) investigated immature female (21-day-old) mice subcutaneously injected daily with various PPT concentrations (20, 100, and 500 μg/ animal/day) for 4 days. In their results, uterine weight or serum prolactin levels were most affected by 500 μg PPT. Referencing these data, 4 mg PPT was administered to adult mice every 2 days. In the PPT group, the weights of the testis, epididymis, and efferent ductule decreased, and the decrease was time-dependent. The weight of the testes decreased by 12.7%, 23.2%, and 31.6% at 8, 16, and 24 days post-treatment, respectively. However, spermatogenesis continued through 24 days post-treatment. In a previous study, after administering 4 mg PPT administration per week for 3, 5, and 8 weeks, the weight of the testes decreased by 24.5%, 46.2%, and 79.5%, respectively (Lee & Cho, 2009 ); in addition, spermatogenesis did not occur in markedly atrophied seminiferous tubules by week 8. Therefore, sperms did not accumulate in the caudal epididymis after 8 weeks of treatment. The weight of the testis was more strongly affected after long-term PPT treatment in the previous study (Lee & Cho, 2009 ) than that after 16-day in the present study. Estrogens are correlated with histopathology, spermatogenesis regulation, and morphological changes in male reproductive organs (Aleem et al., 2006; Cho et al., 2003; Hess et al., 1997; Oliveira et al., 2003) . Exposure to the synthetic hormone, 17β-estradiol (E2), has been shown to induce Leydig cell atrophy, seminiferous tubule degeneration, and decreased sperm production, resulting in decreased testis weight (Cook et al., 1998) . Estrogens are closely related to testicular development, spermatogenesis control, and male fertility (Carreau et al., 2007; Sinkevicius et al., 2009; Toyama et al., 2001) . Estrogens also suppress c-KIT (type III receptor tyrosine kinase) expression in seminiferous tubules of the testis and simultaneously decrease proliferation and increase apoptosis in germ cells. Therefore, an increased estrogen concentration results in male infertility and c-KIT expression (Figueira et al., 2014) . As described in the present study, decreased testis weight was correlated with atrophied seminiferous tubular diameter at high PPT concentrations. Higher doses of the synthetic estrogen, diethylstilbestrol (DES) have inhibitory effects in the testis, whereas lower doses of DES have a stimulatory effect in the same organ (Goyal et al., 2003) . The stimulatory effect of low concentration DES treatment is because of the direct action of estrogen on Sertoli and/or germ cells.
Our results indicate the decrease of epithelial cell height and increase of luminal diameter in the efferent ductules of the PPT group. The ER antagonist ICI inhibits fluid reabsorption in the efferent ductules, resulting in a swollen luminal diameter and decreased epithelial cell height (Cho et al., 2003; Hess et al., 2011; Oliveira et al., 2003) . In the present study, a high PPT concentration caused similar results as the ICI treatment in the efferent ductules. However, it remains to be elucidated whether PPT inhibits fluid reabsorption in the efferent ductules. Cilia length of ciliated cells in the efferent ductules increased in the PPT treatment at 8 days post-treatment. However, the cilia length was decreased at 16 and 24 days in the present study. These results may suggest that PPT had an agonistic (at earlier experiment time) and antagonistic (at late experiment time) effect on cilia. PPT treatment dramatically decreased epithelial cell height in the initial segment of the epididymides. Cell heights specifically decreased by 35.5%, 35.2%, and 46.1% at 8, 16, and 24 days post-treatment, respectively, in the PPT group compared with the control group. Stereocilia (long microvilli) were irregularly arranged, and immature cells appeared in the luminal region of the initial segment in the PPT group. Moreover, stereocilia of the initial segment appeared to be irregular and were short. These results suggest that the roles of stereocilia, such as fluid resorption, are affected by PPT treatment. Epithelial cell heights were decreased by 46.1%, 49.9%, and 63.0% after PPT treatment for 3, 5, and 8 weeks, respectively, and stereocilia were disrupted after 8 weeks of long-term PPT treatment (Lee & Cho, 2009 ). These results suggest that cellular morphology was more affected by longterm PPT treatment. Estrogens affect cellular morphology and microvillus length (Sapino et al., 1986; Wakeling et al., 1989) . In the present study, a high PPT concentration decreased epithelial cell height or caused irregular stereocilia morphology in the initial segment of the epididymis. Estrogen induces positive or negative effects on reproductive organs depending on its concentration. A high concentration (10 μg/rat/day) of DES decreases testis weight, whereas a low concentration (1 ng/rat/day) increase testis weight in neonatal rats (Goyal et al., 2003) . Reproductive organs are differentially affected by PPT depending on the concentration (Han et al., 2011) . Tissue weights of organs were more strongly affected by a high PPT concentration (4 mg) than a low concentration (0.01 mg, 0.1 mg, and 1.0 mg). In the present study, a high PPT concentration (4 mg/mouse/2 days) induced a negative reaction in the form of decreased epithelial cell height and enlarged luminal diameter in the efferent ductules, which is similar to ICI treatment.
CONCLUSIONS
In the current study, short-term treatment with a high PPT concentration decreased the weights of reproductive organs, including the testis, epididymis, and efferent ductules; caused atrophy of seminiferous tubules; decreased epithelial cell height in the epididymis and efferent ductules; and enlarged luminal diameter in the efferent ductules. Compared with long-term treatment, histology of sex organs was less affected by short-term PPT treatment in the present study. These results suggest that a high PPT concertation induces an inhibitory effect in adult male reproductive organs.
